The theory of absorption and emission of electromagnetic radiation by an oscillator consisting of the atomic nucleus and one electrically charged particle is deduced using classical electrodynamics. In the steady state of an atom, emission and absorption of electromagnetic radiation are equal, so the atom is stable. In order to include reactive effects of electromagnetic radiation in the motion equations, the Newton equation is modified by adding the radiative reaction force. This paper is an introduction to the derivation of the basic assumptions of quantum mechanics.
INTRODUCTION
In 1904 J.J. Thompson (1857 Thompson ( -1939 proposed a static model of the atom, and in 1911 E. Rutherford (1871-1937) proposed a dynamic model of the atom. It was hoped that any atomic phenomena could be explained by Newton's mechanics and Maxwell's electrodynamics.
However, two big problems remained unsolved. According to Maxwell's electrodynamics, each accelerated charged particle (such as an electron in Rutherford's model of the atom) inevitably emits electromagnetic radiation and therefore collapses into the nucleus.
The other problem was the atom's discrete spectrum, which was proved experimentally. The theories of Newton and Maxwell did not provide for such discontinuity. Theories that cannot explain experiments are rejected, and rightly so.
Among other scientists, even the founders of modern physics, M. Planck (1, 2) ,1 and A. Einstein, (3) tried to find satisfactory answers within the classical continuity theories, but their attempts were futile.
It was obvious that the classical theories did not contain a principal limitation that would prevent their application down to the level of the atom. One of the last efforts to apply the classical theories to the model of the atom was made by J.H. Jeans in the early 1900s. But all presented arguments could not prevent modern physics from developing in some other direction.
However, the application of classical theories to the model of the atom is gaining ground again. (4) (5) (6) In this paper the problem of electromagnetic radiation and the atom's instability is approached in terms of Maxwell's electrodynamics and Newton's and Coulomb's laws. The problem of the atom's discrete spectrum requires two more classical laws, the law of charge and the law of momentum conservation. The problem of the atom's discrete spectrum is elaborated in another paper by the same author. 
EMISSION OF ELECTROMAGNETIC RADIA-TION
Emission of electromagnetic radiation results from electromagnetic fields emitted by accelerated electric charges (8) or generally from dynamic electric and magnetic fields (Poynting vector). We view the atom as a system consisting of a nucleus, with charge Q , and one particle, with charge q and mass m, moving in a circular orbit within a radius r at an angular velocity Ω. This is Rutherford's "planetary" model of the atom (9, 10) (see Fig. 1 ). The distance of a particle from point x = 0 is . The radiative reaction force f R is, according to Wheeler and Feynman, 90° out of phase with the acceleration v , which means that it is perpendicular to the radius vector r and opposite to the velocity v. This force contributes to the absorption of the radiant energy and does not allow an electron to be more accelerated and thus contributes to the stability of the atom.
where
is the amplitude of forced harmonic motion and ϕ 0m is a phase angle (which explains that at the moment t = −ϕ 0m /Ω prior to the beginning of observation t = 0 the distance x has reached its maximum value). The radius vector r of the electron moving in the plane is 0 0
The total emitted power of electromagnetic radiation, p E (t), of an electron in the atom is the sum of the momentary power of electromagnetic radiation p Ex (t) and p Ey (t) of two dipoles (11, 12) at right angles to each other, along the x and y axes of Cartesian coordinates; i.e., Ex m q r p t t c ϕ πε
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The result (7) is known as the Larmor formula for radiated power, (13) an invariant of the Lorentz transformation. (14) The average power of one dipole in the x or y axis, Ex P or Ey P , emitted in one electron rotation cycle, is ( 
We view the atom as an electromechanical oscillatory system. We assume that the atom has at least one stable state. Suppose the x and y components of the driving force f acting on the electron in an atom oscillate sinusoidally with amplitude F at particular frequency ω:
,
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where ϕ 0f is a phase angle (which explains that at the moment t = −ϕ 0f /ω prior to the beginning of observation t = 0 the force f x reached its maximum value). A correct calculation must include the reaction of the electromagnetic radiation on the motion of the source.
So, besides the Coulomb force (qQ/4πε 0 r 2 ), which is actually the centripetal force (mv 2 /r), and the other external forces, there is another force acting on an electron, i.e., the radiative reaction force. (18) (19) (20) According to J.A. Wheeler and R.A. Feynman, who take up the proposition put long ago (1922) by Tetrode (21) that the act of emission should be somehow associated with the presence of an absorber, this force is 
where τ is the characteristic time, (22) ,2 which will be defined later. Wheeler and Feynman made a rather general derivation of the law of radiative reaction. Consequently, expression (14) is generally accepted as correct for a slowly moving particle subjected to arbitrary acceleration. Hence the total force acting on the electron is the sum of the Coulomb force, other external forces, and the radiative reaction force.
The mechanism of electromagnetic radiation is complex (23) and not sufficiently explained. (24) In this article we consider only one atom, so no statistical mechanics (25, 26) can be applied. However, a question arises now of how to include the radiative reaction force in the equation of motion. There are two possibilities.
a) The sum of the radiative reaction force f R and the external force f ext is a single driving force f = f R + f ext , and the equation of motion is
b) The driving force is only the external force f ext , and the equation of motion is the Abraham-Lorentz equation of motion
As is well known, the Abraham-Lorentz equation generated so-called runaway solutions, (27) so we opt for the first possibility. So the equation of motion based on Newton's second law of motion, which includes the resistive force and the restoring force,
or, after dividing by m and rearranging,
where b is the damping constant, (32) k is the spring constant,
is the decay constant, (34) also called the half-width or line breadth, (35) and
is the angular frequency at which the simple harmonic oscillator oscillates, also called its natural frequency (36) (to distinguish it from the angular frequency ω at which it might be forced to oscillate in steady state by a driving force f).
Using (1) and (2), we get Using (3), (4), (14) , and (21), we get
where the amplitude of the radiative reaction force is
The solution of differential equation (15) in the steady state is (1). So, from (1), (16), (19) , and (20), we get 
Equation (26) is valid for every value of t only when the coefficients of the linearly independent timefunctions sin ωt and cos ωt each equal zero. So, for amplitude X , we get
and, for a phase (ϕ 0m − ϕ 0f ),
where (ϕ 0m − ϕ 0f ) is the phase angle between the driving force f x (ω, t) and the distance x(ω, t) [or the phase angle between the driving force f y (ω, t) and the distance y(ω, t)], i.e., the phase angle between the driving force f and the radius vector r.
If we substitute r in (8) for X from (27), then the average power (8) 
Figure 2. The total average power E P emitted in one cycle of particle rotation and the total average power A P absorbed in one cycle of particle rotation, versus the frequency of external force ; the natural frequency of a particle is Ω 0 and the width of an oscillator is Γ. 
is the average power emitted in one cycle of electron rotation if the frequency ω of the external force is approaching ∞, i.e., ω → ∞.
ABSORPTION OF ELECTROMAGNETIC RA-DIATION
Absorption of electromagnetic radiation (40) of one dipole in the x axis results from the work of f x dx = f x v x dt = f x ∂x/∂tdt = p x dt done on the charge q by the 
So, in the same system of an atom as the one mentioned above, the average power Ax P absorbed in one cycle of driving force f x with frequency ω [because of (25) we can also take the integral to t 2 = 2π/Ω instead of t 2 = 2π/ω], using (27) and (33), in steady state (Ω = ω), is 
Also, the average power Ay P absorbed in one cycle of the driving force f y is like Ax P in (36):
The total average absorbed power in one cycle of electron rotation is the sum of Ax P and Ay P :
The sum of the total emitted and absorbed average powers, P (overall electromagnetic spectrum, if not only ω but other components of frequency in the Fourier series of driving forces are present), in the steady state (ω = Ω), is zero (see Fig. 3 ):
(by the steady state, i.e., by ω = Ω). By using (31), (38), and (39), we get 
PARAMETERS OF AN ATOMIC OSCILLA-TOR
We observe an electron on one stationary circular orbit. The centrifugal and centripetal forces of the electron in this orbit are in equilibrium. If there is any small disturbance in such a system, the electron becomes exposed to additional radial oscillations with a small amplitude near the stationary circular orbit, i.e., near the equilibrium position. Such an amplitude is smaller than the radius of an electron orbit. So there is one electromechanical oscillator with a restoring force and parameters such as the spring constant (force constant), natural frequency, damping constant, half-width, and characteristic time. Although we do not know the size of the electron, we will determine all these parameters. In this article it is not necessary to know the size of the electron nor the size of the nucleus. We assume that the size of the electron and the size of the nucleus are much smaller than the distance between them.
(a) Spring constant and natural frequency
The
We assume that f ∆ is the sum of all radial forces acting on the electron near the equilibrium position. The equilibrium position is on the circle of radius r. If the electron is moved either to one side or to the other side away from the equilibrium position, the force f ∆ returns it to the equilibrium position. This force is called the restoring force.
(42) The small magnitude of the restoring force df ∆ is found to be directly proportional to the distance dr (dr being the dislocation of the electron from the equilibrium position on the radius r):
We assume that in a near-equilibrium position three radial forces are acting on the electron: 
or, using (44), The differential of the force f ∆ (Ω, r) is
i.e., using (49)
The differential dΩ of angular frequency Ω according to (43) is
The absolute value of the linear velocity v in steady state is constant, so
From (51), by using (43), (52), and (53), we get 
i.e., 
In compliance with (45), the restoring force is df ∆ = −kdr and, if we set this equal to (55), we get the spring constant k:
So the natural frequency, (18) , of an electron moving in circular atomic orbits is 
The radius vector r and the driving force f are at right angles to each other (see Fig. 1 ). Using (10), (11) , and (12), and by ω = Ω and ϕ 0f = ϕ 0m − π/2, the driving 
According to (17) and (68),
Using (60), we can show (61) in the steady state as 
and, using (58) and (63), we get Now we have all the parameters of the atom as an electromechanical oscillator. We can now discuss other interesting relations.
We can quite freely select any of the states in an atom as the state of reference. All the variables in that state will be written with an underlined symbol. The period of one cycle of an electron is
According to (60) and (74), 3 1 .
The product of the period T and energy E of an oscillator we call the mechanical action and denote as å = ET. According to (60), (72), (73), and (74), we get 
If we divide (76) by mv, we get πr = å/mv, the action/momentum of the particle. It resembles de Broglie's basic postulate for the matter wave, (48) 
If we select the state of reference in one atom, then å is the referent mechanical action for that atom. It is the value of the fixed amount; i.e., it is a constant for that atom. We denote the quotient of two mechanical actions as κ å and, according to (76) and (77), it is From (75) and (79) 
The relation (83), E = κ å åν, resembles Planck's quantum hypothesis (50) (E = nhν), which is very important for quantum physics. There was a lot of discussion on how to explain in terms of physics the meaning of some quantities in the relation E = nhν. However, in our relation (83) all of the quantities are completely clear in terms of physics. The basic physical difference between Planck's relation E = nhν and (83) (89), we get the same result for all of the elements: å = 3.3139 × 10 −34 J ⋅ s (see Table I ). It seems that the mechanical action in such states of reference is constant for all elements.
Still it does not mean that å is a fundamental constant, because å depends on our free choice. In different states of reference å has a different value. Setting E = mv 2 /2 and E = −qQ/8πε 0 r, both expressed from (73), separately equal to (88), we get .
Setting (83) equal to (88) and using (84), we get 2 3 .
Using (87) and (88) for the frequency difference and the energy difference of any two stationary states characterized by κ å and κ å ′ (κ å ′ > κ å ), we get 
Equations (93) and (94) remind us of the well-known Bohr expression of the atomic radiant frequency (54) and the radiant energy. The experimental value of the ionization potential calculated from spectroscopic data of hydrogen,
Be å κ = , and 
CONCLUSION
An electric charge emits electromagnetic energy whenever it is accelerating. Thus an electron that rotates around the nucleus, with a constant centripetal acceleration, constantly emits electromagnetic energy. Consequently, its energy should diminish gradually. This would lead to a gradual reduction in the dimensions of its orbit so that the electron would finally fall into the nucleus. (56) However, at the same time there is a process in the atom working in the opposite direction. Generally, an electron in the atom is also absorbing electromagnetic radiation. Indeed, it is the radiative reaction force that by emission of electromagnetic radiation in a steady state contributes to the absorption of electromagnetic radiation in the atom. This means that in the atom's steady state this absorption is equal to the emission of electromagnetic radiation, and the atom remains stable.
In this article the atom is treated as an electromechanical oscillator. All the parameters of this oscillator are determinate: characteristic time τ, damping constant b, spring constant k, half-width Γ, and natural frequency Ω 0 . Emission of electromagnetic radiation in the atom's steady state was a fundamental argument against applying classical electrodynamics to it. According to this article, such objections no longer hold ground.
On the basis of mechanical considerations, this article lays the foundations for a deduction of Planck's quantum hypothesis, Einstein's photon equation, Bohr's quantum condition, and de Broglie's hypothesis, whereas the details of quantization are given by the same author in another article (7) by including the others' electromagnetic consideration. This is of the order of time taken for light to travel 10 −15 m. Only for phenomena involving such distances or times will we expect radiative effects to play a crucial role." (22) This statement shows us that classical analyses are used with systems for which mass m approaches the electron mass and charge q approaches the electron charge e. 3 The results and the figures in the text are generated by Wolfram Research, Mathematica, courtesy of Systemcom, Zagreb, Croatia. 4 The radii of the orbits of hydrogen are computed by means of the ionization potential (57) V i according to the relativistic formula 
